The Planck Galactic Cold Clumps (PGCCs) are the possible representations of the initial conditions and the very early stages of star formation. With an objective to understand better the star and star cluster formation, we probe the molecular cloud associated with PGCC G108.37-01.06 (hereafter, PG108.3), which can be traced in a velocity range −57 to −51 km s −1 . The IPHAS images reveal Hα emission at various locations around PG108.3, and optical spectroscopy of the bright sources in those zones of Hα emission disclose two massive ionizing sources with spectral type O8-O9V and B1V. Using the radio continuum, we estimate ionizing gas parameters and find the dynamical ages of H ii regions associated with the massive stars in the range 0.5−0.75 Myr. Based on the stellar surface density map constructed from the deep near-infrared CHFT observations, we find two prominent star clusters in PG108.3; of which, the cluster associated with H ii region S148 is moderately massive (∼ 240 M⊙). A careful inspection of JCMT 13 CO(3−2) molecular data exhibits that the massive cluster is associated with a number of filamentary structures. Several embedded young stellar objects (YSOs) are also identified in the PG108.3 along the length and junction of filaments. We find the evidence of velocity gradient along the length of the filaments. Along with kinematics of the filaments and the distribution of ionized, molecular gas and YSOs, we suggest that the cluster formation is most likely due to the longitudinal collapse of the most massive filament in PG108.3.
INTRODUCTION
The formation of the star cluster is a topic of considerable interest since most stars in our Galaxy form in groups within clustered environments (e.g., Lada & Lada 2003) . Several environmental conditions can breed young clusters such as: i) fragmentation of the swept up matter in the shells of the expanding H ii regions (e.g. Elmegreen & Lada 1977; Koenig et al. 2008; Samal et al. 2014; Liu et al. 2016) , ii) external compression of pre-existing clumps by nearby mas-sive stars (e.g. Lefloch & Lazareff 1994; Chauhan et al. 2011; Jose et al. 2013; Dawson et al. 2015) , iii) matter sandwiched between bubbles (e.g. Yamaguchi et al. 2001; Ojha et al. 2011) , and iv) at the collision point of molecular clouds (e.g. Fukui et al. 2014; Wu et al. 2018; Hayashi et al. 2018) , v) at the junction of converging filaments or hub of filamentary systems (e.g. Schneider et al. 2012; Kirk et al. 2013) . As molecular clouds are often comprised of H ii regions, bubbles, and dense filamentary structures (Bieging et al. 2009; Mallick et al. 2013; Samal et al. 2015; Bieging et al. 2016; Jose et al. 2017) , therefore, understanding what shapes the molecular clouds to dense and massive enough to form a young cluster is of great inter-est. Additionally, the initial cloud configuration decides the future location of cluster formation (e.g. Burkert & Hartmann 2004) . Therefore, the exact role of environment on the star and star cluster formation of a cloud can only be thoroughly understood by tracing various components of the interstellar medium (ISM) through multiwavelength observations.
Planck is the third generation mission to measure the anisotropy of the cosmic microwave background (CMB) at nine frequency bands from 30 to 857 GHz, with beam sizes ranging from 33 ′ to 5 ′ (Planck Collaboration et al. 2011a ).
As the highfrequency channels of Planck cover the peak thermal emission of dust colder than 14 K, therefore, Planck images probe the coldest parts of the ISM. In fact, using (sub)millimeter and millimeter wavelengths Planck have revealed an extremely cold population of dense molecular clumps, namely the Planck Galactic Cold Clumps (PGCCs, Planck Collaboration et al. 2016b ). The Planck Early Release Compact Source Catalogue (ERCSC, Planck Collaboration et al. 2011b ) provides lists of positions and flux densities of compact sources at each of the nine Planck frequencies. The properties of PGCCs, however, are still not well known due to the lack of observations at high spatial resolution. Analysis of a part of the ERSSC suggests that depending upon distances, these cold sources trace a broad range of objects, from low-mass dense cores to giant molecular clouds (Zhang et al. 2018) . High angular resolution Herschel and CO isotopologues follow-up observations have revealed that substantial fraction of such cold sources are filamentary (Juvela et al. 2012 (Juvela et al. , 2017 and correspond to the very initial evolutionary stages of star formation Meng et al. 2013; Zhang et al. 2016; Liu et al. 2018a ). In particular, Zahorecz et al. (2016) pointed out based on Herschel data, about 25% of PGCCs near the Galactic mid-plane may be massive enough to form high-mass stars and star clusters.
In this work, we examine the molecular cloud and stellar content associated with PGCC G108.37-01.06 (hereafter PG108.3, for details see section 2) located at l = 108
• .3710, b = −1 • .0649 (α 2000 = 22 h 56 m 21 s , δ 2000 = +58
• 30 ′ 55 ′′ ) using multiwavelength datasets. The large-scale CO morphology of the cloud is filamentary, it hosts a number of H ii regions (Tatematsu et al. 1985) . Moreover, in the shallow near-infrared (NIR) 2MASS images, it appears to be a possible site of cluster formation. Therefore, PG108.3 is a good target to investigate the environmental effect on the formation of star and star clusters. Our aim is to use multiwavelength highresolution observations to understand what dominates the star formation process in this planck cold clump. In this work, we made use of optical spectroscopic observations to identify the ionizing stars of the H ii regions. We studied ionized gas content and dynamical status of the H ii regions using radio continuum data. Using deep H, K band data sets along with Spitzer-IRAC data, we identify and characterize the various young stellar objects (YSOs) and young clusters of the region. We examine the cold gas distributions and their kinematics using JCMT 13 CO(3 − 2) observations and probe their correlation with ionized gas, YSOs, and clusters. In the final step, we attempt to comprehend the star formation scenario of the complex. We organize our work as follows. In Section 2 we present a brief overview of the PG108.3. Section 3 describes our observational details. Section 4 deals with various results on the ionized, stellar and young stellar, and gas component of the cloud. Section 5 is devoted to our studies of star and cluster formation in the cloud based on the various results obtained in this analysis. We summarize our main findings in Section 6. Figure 1 shows the location of the bright clump PG108.3, which is located in Perseus arm of our Milky Way. Three H ii regions (S149, S148, S147; Sharpless 1959 ) are projected in the field of PG108.3 complex. The position of S148 nearly coincides with PG108.3. In the direction of PG108.3, the radial velocity peaks of the molecular gas were found to be −54.8, −55.8, −49.4 km s −1 for S149, S148 and S147, respectively (e.g., Bergeat et al. 1975; Glushkov et al. 1975; Crampton et al. 1978; Blitz 1979; Tatematsu et al. 1985; Azimlu & Fich 2011) . Recent observations on molecular gas around PG108.3 were performed by Azimlu & Fich (2011) . Using James Clerk Maxwell Telescope (JCMT) observations in 13 CO(2-1) and 12 CO(2−1) with a velocity resolution 0.04 km s −1 for both, several cold clumps were detected in the mass range 190 to 1400 M ⊙ (Azimlu & Fich 2011 ) assuming the distance of the region S148-S149 as 5.6 ± 0.6 kpc. Such massive clumps are the possible location of on-going or future formation of stellar cluster. However, we note that the mass of CO clumps as estimated by Azimlu & Fich (2011) is likely an overestimation as they have adopted a distance 5.6 kpc for the region, while from the recent works and as well as from this work we suggest that 3.3 kpc is likely the more appropriate distance to the region (see also section 4.1). Tatematsu et al. (1985) suggests that the group S149-147 is possibly attached with the group of H ii regions S153-152 from their observations in the 12 CO(1−0) and 13 CO(1−0) molecular lines. The group S153-152 is lo- cated towards the north of S149-147, with an average radial velocity of −50 km s −1 .
OVERVIEW OF THE PG108.3 COMPLEX

OBSERVATIONS AND DATA REDUCTION
Spectroscopic Observations
With an aim of investigating the probable massive ionizing sources, we carried out optical spectroscopic observations of 5 bright sources in the optically nebulous region around PG108.3 (see section 4) using HFOSC instrument on 2m Himalayan Chandra Telescope (HCT), India. The observations were performed with Grism 7 (3800-6840Å) with a resolving power of 1200 and Grism 8 (5800-8350Å) with a resolving power of 2190. Proper lamp and bias frames were taken immediately after the target observations. The spectroscopic standard star G191B2B (Oke 1990 ) was also observed with an exposure time of 600s for the flux calibration.
After bias subtraction and flat field correction, the one-dimensional spectra were extracted using the optimal extraction method with APALL task in IRAF 1 and wavelength calibrated using the FeAr arc lamp observations. The spectra were also corrected for the instrumental response using the sensitivity function generated from the standard star observations. The data were reduced using Interactive Data Language (IDL) based reduction pipeline-SIMPLE Imaging and Mosaicking PipeLine (SIMPLE; Wang et al. 2010) . This pipeline generates sky-flat from median combining of the dithered images. It provides good treatment to sky background fluctuation and minimized artifacts from bright objects. Absolute astrometry solution was obtained with 2MASS reference catalog. The images were calibrated with the 2MASS catalog. In order to avoid nonlinearity due to saturated stars in WIRCam bright end, we considered only stars in 13-14.5 mag for K and 13-15 mag for H with good photometric accuracy (err ≤ 0.1) for the calibration of photometric images. The identification of point sources was performed with the DAOFIND task in IRAF. Following Stetson (1987) , roundness limits of −1 to +1 and sharpness limits of 0.2 to +1 were applied to eliminate bad pixels brightness enhancements and the extended sources such as background galaxies from the point source catalog. The photometry on the images was performed with PSF algorithm of DAOPHOT package (Stetson 1992) .
NIR Imaging
To avoid the inclusion of WIRCam saturated sources we replaced all the sources in our catalog having 2MASS magnitudes H ≤ 13.75 mag and K ≤ 13.5 mag. We do not have WIRCam J band observations. We include all available 2MASS J magnitude of the detected sources. Thus, our final catalog is sensitive down to ∼ 20.0 mag and ∼ 20.5 mag in H and K-band, respectively, with good photometric accuracy (error ≤ 0.1 mag).
Spitzer-IRAC data
The Spitzer-IRAC observations in 3.6 and 4.5 µm bands were available in the Spitzer archive program (Program ID: 30734 ; PI: Figer, Donald F) for the central part (marked in the green box in Figure 1 ) towards the PG108.3. The basic calibrated Data (version S18.18.0) were downloaded from Spitzer archive 3 . The raw data were processed and the final mosaic frames were created using MOPEX (version 18.5.0). We performed point response function (PRF) fitting method using APEX tool provided by Spitzer Science center on the mosaic Spitzer-IRAC images to extract the magnitudes of point sources. The objects with good photometric accuracy (error ≤ 0.2 mag) were utilized for this analysis.
The completeness limits at various bands were estimated from histogram turn over method (e.g., Ohlendorf et al. 2013; Samal et al. 2015) . Figure 2 We also obtained the Submillimetre Common-User Bolometer Array 2 (SCUBA-2) 850 µm observations from the JCMT archive to trace the dust continuum emission in the star-forming region (SFR; Dempsey et al. 2013) . The beam FWHM of SCUBA-2 at 850 µm is 13 arcsec with a mean rms noise level of ∼ 2.9 mJy beam −1 . IRAS: The Infrared Astronomical Satellite (IRAS) was the first-ever space telescope to perform a survey of the entire night sky at 12, 25, 60, and 100 µm wavelengths. Using the High Resolution Image Restoration (HIRES; Surace et al. 2004 ) image reconstruction technique, a spatial resolution ranging from 30 ′′ to 1.5 ′ can be achieved for the IRAS images. For this analysis, we obtained the IRAS images. 5 ) is a photometry survey in the Northern Milky Way in visible light (Hα, r, i) using wide-field camera on the 2.5-m Isaac Newton Telescope (INT) in La Palma (Drew et al. 2005; González-Solares et al. 2008; Barentsen et al. 2014) . We used Hα images from the IPHAS survey to trace the ionized gas.
IPHAS: INT Photometric Hα Survey (IPHAS
Gaia DR2 data: We also utilized the Gaia Data Release 2 (Gaia Collaboration et al. 2018 ) from the European Space Agency (ESA) mission Gaia (Gaia Collaboration et al. 2016) to estimate the distance of the cloud complex.
WISE: The WISE survey provides photometry at four wavelengths 3.4, 4.6, 12 and 22 µm with an angular resolution of 6.1 ′′ , 6.4 ′′ , 6.5 ′′ , 12.0 ′′ , respectively (Cutri & et al. 2012) . We used WISE images for our analyses.
Radio continuum emission: We made use of National Radio Astronomy Observatory (NRAO) VLA Sky Survey (NVSS) map at 1.4 GHz with beam size 45 ′′ (NVSS; Condon et al. 1998 ) to trace properties of ionized gas around PG108.3. In the left panel of Figure 3 , the optical Hα emission is visible towards S149, S148 and S147. In addition, we find patchy faint Hα nebulosity in the southeastern direction of S148 whose location corresponds to a faint NIR cluster visible in the K-band image (see 5 http://www.iphas.org/data.shtml Section 4.2.1), thus possibly a H ii region is in the process of emerging. We search for ionizing sources of these H ii regions, particularly sources lying around the peak of the clump as seen at 857 GHz. In the Figure 3 (left panel), the bright sources selected for spectroscopic observations are marked. The coordinates and optical magnitudes of these sources are given in Table 1 , and the flux calibrated, normalized spectra are shown in Figure 3 (right panel).
Exciting stars and distance to the H ii regions
The observed spectra were classified in comparison with the different spectral libraries available in the literature (Walborn & Fitzpatrick 1990; Jacoby et al. 1984; Torres-Dodgen & Weaver 1993; Allen & Strom 1995) . First, we determined a specific spectral range from strong conspicuous features (see Dutta et al. 2015 , for example). The line strengths of program spectra were echoed with the literature spectra within the above specified spectral range. Finally, each source was visually compared to the standard library spectra. Photometric and spectroscopic details of all the 5 sources are given in Table 1 . Based on low-resolution spectra of our targets, an uncertainty of ±1 in the sub−class estimation is expected. On the basis of the low−resolution spectroscopy of early type stars, it is difficult to distinguish the luminosity class between supergiants, giants, dwarfs and pre−main sequence (PMS) stars. The spectral features are described as follows: S01:
The star S01 appears to lie within strong nebulosity of S148. It is classifiable from hydrogen and He ii , He i lines. Presence of He ii lines (λλ 4686, 5411) and He ii+i (λλ 4026Å) limits the spectral type to Otype. Prominent absorption bands occur at hydrogen (λλ 3970, 4101, 4340, 4861, 6563Å) All the spectroscopically observed stars are shown Figure 4 . The 2MASS and WIRCam magnitudes and colours were converted to the CIT system using the relations given by Carpenter (2001) . The sources towards the right of the right reddening vector at 'T-Tauri' location are assumed to be the location of classical T-Tauri stars (CTTSs) (e.g., Dutta et al. 2018 , and references therein). The star S01 is located right to the locus of massive main sequence (MS) star (i.e in the zone of Her- Bessell & Brett (1988) . The long dashed black line represents the CTTSs locus (Meyer et al. 1997) . The dotted blue lines represent the reddening vectors (Cohen et al. 1981) . A representative reddening vector of AV = 5 mag is also shown.
big Be stars, Hillenbrand et al. 1992) , possibly due to excess emission from the circumstellar disk. The star S02 is close to the locus of massive MS stars, which is a moderately extinct massive star. The ids S04 and S05 close to MS branch, which supports our spectral classification. The star S03 appears to be a reddened giant star, nonetheless, its high uncertainty (∼ 0.4 mag) in the (2015), we estimated the visual extinction (A V ) to each observed source from their observed photometry and intrinsic colours adopted from Pecaut & Mamajek (2013) according to their spectral classification. The distances were measured from their absolute magnitudes and estimated A V , which are presented in Table 1 . The membership of the candidates was investigated based on their spectral types and distance. The distance for star ids S01 and S02 are estimated to be 3600 ± 330 and 3590 ± 250 pc, respectively. Our estimated spectral classifications and distances for S01 and S02 agree well with the published values of S152-S153 H ii regions in the literature (Ramírez Alegría et al. 2011), which are likely part of the same cloud in which the S149-S148 H ii regions are associated (see Section 2 and also Tatematsu et al. 1985 , for details). Considering their distances, S04 and S05 seem to be foreground stars. The distance of star S03 was not estimated since we were unable to specify the luminosity class of the star from low-resolution spectra. We considered S03 as background giant stars after visual inspection of multiwavelength images and its location on
We also searched for Gaia DR2 parallax for bright sources (G < 16 mag) in the nebulous region, with good relative parallax uncertainties (̟/σ ̟ > 5) to compute distances (d = 1/̟) within 20 % uncertainty limit (Luri et al. 2018 ). Under the above criterion, we find the distance of S02 (d ∼ 3.4 ± 0.32 kpc, see • 30 ′ 24 ′′ ) is estimated to be located at ∼ 3.55 ± 0.52 kpc, which is also classified as a class II YSO in PG108.3 (discussed in section 4.2.2). Thus, based on Gaia DR2 datasets, we adopt an average distance of 3.3 ± 0.22 kpc of PG108.3 and associated H ii regions, as the Gaia measurements are likely to be more robust compared to our spectrophotmetric observations.
Properties of ionized gas
In this section, we investigate the ionized gas associated with the H ii regions using the NVSS 1.4 GHz radio continuum map (the NVSS contours are shown in Figure 5 ). The number of Lyman continuum photons (N Ly ) can be computed from the observed integrated flux density using the following the equation (see Martín-Hernández et al. 2005) :
(1) where S ν is the radio continuum integrated flux density at frequency ν, T e is the electron temperature, θ D is the angular diameter of the source, D the distance from the Sun. The values of S ν were adopted from NVSS 1.4 GHz catalog 6 . The electron temperature T e were presumed from the galactocentric distance of the source (R gal = 11.71 and 11.72 kpc for S148 and S149, respectively; Caplan et al. 2000) following the relation given by Tremblin et al. (2014) :
Following Panagia & Walmsley (1978) , the rms electron density (n e ) can be obtained from the radio continuum map at 1.4 GHz considering spherical geometry of H ii regions:
6 https://www.cv.nrao.edu/nvss/ Where, S ν , T e , D are same as defined for Equation 1, θ D is the angular diameter in arcsec and b(ν, T e ) = 1 + 0.3195 log T e 10 4 K − 0.2130 log ν GHz (4) The pressure from the ionized gas is then estimated following Tremblin et al. (2014) :
Where k b is the Boltzmann's constant. The measured values of S ν , size, N Ly (or log(N Ly ), n e , P e are tabulated in Table 2 . Using the above formalism, we found that the values of log(N Ly ) were equivalent to the Lyman continuum photons coming from a star of spectral type O9-O9.5 V and B0.5-B1 V for S01 and S02, respectively (see Panagia 1973; Martín-Hernández et al. 2005) . These estimation are consistent with the spectral type estimated using optical spectra (see section 4.1.1). It is always worthwhile to compare the present H ii region sample to nearby other H ii regions (e.g., from Wood & Churchwell 1989; Kurtz et al. 1994; Martín-Hernández et al. 2003) . A comparison of sizedensity parameters to such large sample displays that S148 is now evolved to classical H ii region (see also Figure 4 of Martín-Hernández et al. 2005 ), whereas S149 is in the transition from compact to classical H ii region.
Evolutionary status of the H ii regions
In this section, we examine the evolutionary stages of the H ii regions based on the 3D turbulent simulation of (Tremblin et al. 2014) , who followed the evolution of H ii regions in turbulent molecular clouds under the assumption that molecular clouds follow Larson's sizewidth relationship. We estimate the dynamical ages of the H ii regions by comparing the observed ionizing gas parameters (see Table 2 ) with the pressure-size tracks of Tremblin et al. (2014) and find that the dynamical ages of S148 and S149 are likely in the range of 0.5−0.75 Myr. However, we note that these ages are likely lower limit as the method of Tremblin et al. (2014) is more appropriate for large classical H ii regions where effects of magnetic field and gravity are less important. Given the fact that the H ii regions are still surrounded by a significant amount of gas and dust (see Figure 5 , 13), we consider 1 Myr as the likely age of the H ii regions. Here, we did not measure the age of S147, as the radio emission does not seem to be representing the entire H ii region (possibly due to lower sensitivity of the NVSS survey and/or missing flux problems of the radio emission due to interferometric nature of radio observations) when compared to the emission seen in Hα or the outer extent of the H ii region cavity seen in WISE 12 A S149 S148 S147 S01 S02 Figure 5 . The locations of two massive sources (S01, S02) are shown in WIRCam K-band image. The warm dust contours (black) at 25 µm and cold dust contours (white) at 100 µm are taken from IRAS images. The 25 µm contour levels are at 2%, 3%, 7%, 15%, 30%, 50%, 75% of the peak value 670 MJy sr −1 and the 100 µm contours are at 7%, 9%, 11%, 13%, 15%, 35%, 55%, 75% of the peak value 2650 MJy sr µm emission. Figure 5 shows the distribution of warm and relatively colder dust in PG108.3 at 25 µm and 100 µm, respectively. The NVSS 1.4 GHz contours are also overplotted to trace the ionized gas in PG108.3. The peaks of cold and warm dust, along with the peak of molecular gas at CO (see Figure 2b of Tatematsu et al. 1985) suggest that the gas-dust coupling is more efficient at the location of S148-S149 in contrast to S147 which is normally the case for regions of recent star formation (e.g., Ojha et al. 2004; Samal et al. 2007; Pandey et al. 2008) . Furthermore, in S147 a strong offset between warm and cold dust can be seen and the warm dust is mainly located at the center of the S147 bubble, implying that S147 is more evolved compared to S148 and S149.
Embedded clusters and young stellar population in
PG108.3 cloud complex 4.2.1. Stellar surface density map Since PG108.3 cloud complex displays prominent Hα emission at various locations (see Figure 3 left panel) , a significant sub-clustering is expected due to the fact that the massive stars are often associated to young clusters (e.g., Testi et al. 1998; Jose et al. 2012) . We probed the sub-clusters within the molecular cloud by stellar surface density map derived using nearest neighborhood technique (Gutermuth et al. 2005) . By using the total number of K band detection within the completeness limit, we generated the stellar density profile towards PG108.3 following the method introduced by Casertano & Hut (1985) . Briefly, the stellar density σ(i, j) inside a cell of uniform grid centred at (i, j) is σ(i, j) =
where d N is the distance to the N th nearest source from the centre of the cell. The value of N is allowed to vary depending upon our interest on the smallest scale structures of the field. In Figure 6 (left panel), the isodensity contours are plotted above 3σ from background stellar density. In Figure 6 (right panel), the surface density contours are overlaid on the zoomed WIRCam K-band image. This map was obtained for nearest neighbor N = 5 in a grid size of 10 ′′ × 10 ′′ . The surface density in the region reveals two prominent substructures. We observed a circular structure "B" (peak at α 2000 = 22 h 56 m 16 s , δ 2000 = +58
• 30 ′ 59 ′′ ) associated with S148 H ii region. The radius of the cluster was estimated to be ∼ 1.41 ′ (1.35 pc at cluster distance) from the contours above 3σ of the background surface density. This cluster peaks nearly at the core of S148 and is extended upto H ii region boundary (see section 4.1.2). The second-overdensity is a cashew nut structure "A" (peak at α 2000 = 22 h 56 m 46 s , δ 2000 = +58
• 30 ′ 26 ′′ ) associated with faint Hα nebulosity in the eastern part of S148 H ii region. This subcluster is extended over an effective radius 0.8 ′ (ellipticity parameters, a = 1.3 ′ and b = 0.6 ′ ). It is to be noted that cluster "A" corresponds to most massive clump "C1" of Azimlu & Fich (2011) , whereas cluster "B" is associated with another massive clump "C5"(see also section 5).
Young Stellar Population
Crucial to our young star search is the ability to distinguish YSOs from the background-foreground stars. The IR excess emission from circumstellar material makes them distinctive from other groups of stars, although dust in the molecular cloud core averts YSOs observable at radio, submillimeter, and infrared wavelengths. We utilized Spitzer-IRAC, deep NIR data to distinguish IR excess sources. Note that WIRCam provides ∼ 3 magnitude deeper than 2MASS. Hence our analyses yield embedded sources at relatively large cluster distance of ∼ 3.3 kpc. The YSOs selection is described as follows: 1. Following Gutermuth et al. (2008 Gutermuth et al. ( , 2009 ), we identified YSOs using H, K, and 3.6, 4.5 µm photometric data. First of all, we dereddened the data points using the NIR extinction map (for details on the creation of the extinction map, see Jose et al. 2016) . The inclusion of extragalactic contamination was minimized by applying simple brightness cut in the dereddened Spitzer-IRAC photometry. All the class I and class II YSOs essentially have Figure  7 , the class I and class II sources are displayed with the red triangles and green circles, respectively. A reddening vector A K = 2 mag is also plotted by using the reddening law from Flaherty et al. (2007) . However, we note that our present YSO selection is incomplete as sources in nebulous region might not have detected in low-sensitive Spitzer observations, particularly in the Spitzer 3.6 µm band as it is affected by poly-aromatic hydrocarbon (PAH) emissions which are often bright in the vicinity of young H ii regions (Smith et al. 2010) .
2. We next used K − [4.5]/H − K CC diagram to identify additional YSOs since 4.5 µm is less affected by PAH emissions (Samal et al. 2014; Jose et al. 2016 ). In Figure 7 (middle panel), we plotted all the detected sources along with the 55 previously identified YSOs from [[3.6 
The reddening vector from the tip of the dwarf locus (e.g., Patten et al. 2006 ) is also shown. Except one, all the previously identified YSOs are located at the right side of the reddening vector. A few other stars also share the same IR space with YSOs. These sources could be IR excess sources, but they were not distinguished in the above classification scheme likely due to the combination of improper dereddening and low-sensitivity at 3.6 µm. Hence, the stars above the tip of the dwarf locus (H − K > 0.47) and towards the right side of the reddening vectors are considered as additional excess sources in the region. This colour cut-off was determined from the comparison of the K − [4.5]/H − K colour-colour distribution of the candidate YSOs with that of the control field region, which shows that majority of the selected YSOs are likely above H − K > 0.47 (see Jose et al. 2016 , for details). Thus, we added 28 more stars to the YSO list.
3. Our Spitzer datasets are limited by spatial coverage (see Figure 1 ), while our deep NIR observations cover a larger area, therefore we used the (H − K/K) colourmagnitude diagram (CMD; see the right panel of Figure 7) to identify additional YSOs (e.g., Bernard et al. 2016) . However, trying to disentangle young stars from reddened background stars using NIR CMD is complex, so we adopted the following approach: i) we selected brighter sources corresponding to the brightness limit of K − [4.5]/H − K diagram, ii) we applied a H − K color cut-off (H −K > 1.2 mag) for a source to be a YSO. The colour cut of 1.2 magnitudes is based on the maximum reddening of the field sources in the K − [4.5]/H − K diagram. While in this approach we may miss faint YSOs and YSOs with low NIR excess, but we mainly aim to minimize the contamination to our sample. We also check a nearby reference field (centred at RA = 344.07008, Dec = 58.516937 for the same area as the cluster 'B'). Using this approach, we selected another 28 YSOs in our studied region.
In total, we identified 111 YSOs in the WIRCam FOV with IR excess emission. Of these 16 have excess consistent with Class I, 39 are class II, and another 56 are termed as NIR-excess sources. The list of YSOs is presented in Table 3 . We did not report Class III sources since in the present catalog they are indistinguishable from field stars based on IR excess. The YSOs selected in this method may contain unresolved galaxy contamination. We visually inspected the high resolution HK images and rejected all most-likely extended unresolved non-YSO objects in the selected YSO list. However, if we further accept that our YSOs sample is still contaminated by the non-YSO sample based on control field selected zones, then it should be less than 10%. We suggest that spectroscopic observations are necessary for the confirmation of their membership.
Mass distribution of YSOs
To understand the mass sensitivity of our YSO sample, we used H − K/H CMD as shown in Figure 8 . We preferred this analysis for mass estimation since the most number of stars are detected in WIRCam HK observations, on the contrary, the absence of deep MIR observations and dust obscurity of YSOs in optical wavelengths. We used the isochrone for 1 Myr as the age representative age of the region. All the observed data points and the theoretical models were converted into CIT system using the relations given by Carpenter (2001) . The black curves in Figure 8 is adopted from theoretical isochrone by Bressan et al. (2012) , which is corrected for an average cluster distance 3.3 kpc. The reddening vectors for corresponding masses with slope A H /A V = 0.155 and A K /A V = 0.090 are taken from Cohen et al. (1981) , the typical representations of the reddening (Av = 10 mag) is also shown. Our observations allow us to prevail quite low mass end ( ∼ 0.1 M⊙). Nevertheless, our YSO detection is limited by the depth of Spitzer 4.5 µm, a majority of them are > 0.5 M⊙. Robust investigation of the low-mass content of the clouds requires imaging with both high sensitivity and angular resolution. Nonetheless, with a sensitivity of ∼ 0.2 M⊙, we have identified 109 YSOs, suggesting a significant number of faint YSOs might be present in the cloud assuming in young clusters the peak of the initial mass function (IMF) lies somewhere between 0.1-0.5 M⊙ (e.g., Neichel et al. 2015; Jose et al. 2017 ).
Luminosity Function and mass of the clusters associated with S148
The K band luminosity function (KLF) is a very momentous tool to diagnose the mass function and the star formation history of a young cluster (Zinnecker et al. 1993; Lada & Lada 2003) . Theoretical models on the KLF explains its dependency on several factors like the age of clusters, the sequence of star formation over the cluster, and the choice of theoretical PMS evolutionary models. Here, we discuss the properties of the rich cluster "B" of radius ∼ 1.41 ′ associated to S148 assuming that the maximum stars would have age ∼ 1 Myr.
We derived the KLF resulting from field star decontamination in H − K/H colour-magnitude diagram (CMD) of the cluster (see Jose et al. 2017 , for details of the field star decontamination). Figure 9 reflects the KLF of cluster members. The KLFs of cluster rise rapidly from K ∼ 13 to 17 mag. The KLF of S148 resembles other nearby young clusters NGC 6611 (Oliveira et al. 2009 ), NGC 2024 (Spezzi et al. 2015 , Stock 8 (e.g., Jose et al. 2017) etc. In Figure 9 , we overplot KLF of Trapezium cluster from Muench et al. (2002) shifted for S148 cluster distance of 3.3 kpc and also scaled to the maximum number of stars per magnitude bin between two clusters. The photometric completeness in K-band is down to K = 18.50 mag (see section 3) and hence the declining of the KLF below this magnitude level is not reliable. However, the peak and flattening of the KLF is well within the completeness limit and is comparable to that of Trapezium cluster.
Estimation of the cluster mass has to rely on the statistics of high-as well as low-mass population. It is difficult to acquire accurate information of the stars down to brown dwarf (BD) limits from present data set. However, their impact on cluster mass estimation could be neglected assuming a small contribution due to the declining slope of IMF in the BD regime. The masses of stars within the cluster area is computed from the H − K/H CMD. We obtained the stellar count in different mass bins from theoretical isochrone of Bressan et al. (2012) within the completeness limit. Using the mass-magnitude relation, we obtained the masses of the field-decontaminated stars. We integrated the mass function within the mass range 8 − 0.08 M⊙, and the total mass of the cluster is calculated to be ∼ 240 M⊙ within the 1.41 ′ radius of the cluster. It is worthwhile to compare the cluster mass/size with the known survey of clusters (e.g., Table 1 γ , where γ = 1.71 ± 0.2), which provides a constraint to the theory of cluster formation. In Figure 10 , the solid line depicts the linear relation of mass and size of the known clusters taken from Lada & Lada (2003) . The S148 cluster appears to be massive than several nearby young clusters and follows well the linear relation like other well known clusters MON R2 (∼ 340 M⊙) and ONC (∼ 1100 M⊙).
Distribution of molecular gas around G108
In the following, we study the large-scale cloud around the PG108.3 region and its correlation with the identified YSOs to understand the role of the surrounding environment in the star formation process.
Kinematics of molecular gas: evidence for the longitudinal collapse of filaments
We used 13 CO(3−2) observations from the JCMT to assess its large-scale kinematics and morphology. In Figure 11 , an average spectrum is displayed, which was obtained by averaging our studied area covering spatially the filament, cluster 'A', cluster 'B' (S148) and S149. While Figure 12 shows the channel maps in the velocity range −58 to −49 km s −1 at intervals of 1 km s −1 . In the channel maps, on a large-scale, at least one prominent filamentary structure and several small-scale structures Figure 9 . The K-band luminosity function of stars within the cluster radius after field star decontamination. The dashed curve represents the KLF of Trapezium cluster from Muench et al. (2002) shifted for the cluster distance of 3.3 kpc and scaled to match the peak of the KLF of S148. Figure 10 . Comparison of S148 with the other nearby cluster sample adopted from Lada & Lada (2003) . The locations of S148, ONC and MON R2 are marked. The straight line is the linear fit of the sample and has a slope of γ = 1.71 ± 0.2 obtained by Pfalzner et al. (2016) .
are visible. In particular, one can find all the structures in the channel map corresponding to the velocity ∼ −54 km s −1 . Figure 13 (left & middle panel) shows the integrated intensity map of the region for the velocity range −56 to −52 km s −1 . In the map, a potential 'hub' is located in the cluster S148; where at least four filamentary structures are attached (marked in the middle panel of Figure 13 ). The main cloud is clearly visible Radial Velocity (km/s) Mean Antena Temperature (K) Figure 11 . An integrated spectra averaged over whole studied region is displayed.
as an inverted L-shaped filamentary structure F1. Other small-scale filamentary structures are also seen near the location of S148-S149 and are marked as F2, F3, F4 in the middle panel of Figure 13 . In the channel map, we find that there is an overall velocity gradient in the inverted L shaped filament ranging from −57 km s −1 to -51 km s −1 , from the southern end to the location of S148-S149. We also find that the gas at the southern end of the inverted L-shaped filament is more diffuse and of lower intensity but overall the intensity distributions appear brighter as we progress closer to the location of cluster A. The peak velocity of molecular gas around cluster A and cluster B (around S148) are at ∼ −55.2 km s −1 and −52.7 km s −1 , respectively (see Figure 14) . Figure 15 shows the position-velocity (PV) diagrams of the CO emission of the filament, where the left panel and right panel represents the PV map from the southern end of the filament (F1) to cluster A (along pv1 axes in the middle panel of Figure 13 ) and from the cluster A to S148 (along pv2 axes in the middle panel of Figure 13 ), respectively. As can be seen, the molecular material along the filaments display complex structure, however, the signature of the overall velocity gradient along the filament can be seen. The complex velocity distribution could be due to small-scale star formation within the filament since the local star formation within a filament can affect the velocity structure at local-scale due to accretion and/or feedback effects such as from outflows (e.g., Zhang et al. 2015) . We find the velocity gradient from the southern end to cluster A and from cluster A to S148 as 0.4 and 0.6 km s −1 pc −1 , respectively, indicating an acceleration of gas motion towards the massive clump and cluster located at the location of S148. We note other explanations such as cloud-cloud collision, feedback effects of expanding H ii regions (e.g., Liu et al. 2018b) can also generate such velocity pattern. However, we discard such hypotheses since, to create a filament of size ∼ 6.7 pc (length of the vertical part of the inverse L-shaped filament F1), one would expect bubbles or H ii regions of size > 6.7 pc with its ionizing front parallel to the long axis of the filament. No such large bubbles or H ii regions have been observed in our studied area or in its vicinity. It is very unlikely that the compact H ii region S148 is responsible for the velocity pattern of the whole filament. On the other hand, the cloud-cloud collision enhances the density in the interface, where the massive filament can form. To form a filament of size 6.7 pc, we expect two diffuse clouds of size at least greater than 6.7 should undergo collision process. As shown by Haworth et al. (2013) , broad bridge feature connecting two intensity peaks, spatially correlated but separated in velocity, is a signature of the cloud-cloud collision. From the low-resolution Five College Radio Astronomy Observatory (FCRAO) CO Survey data of the Outer Galaxy at 12 CO(1−0) (beam ∼ 45 ′′ , velocity resolution ∼ 0.98 km/s; Heyer et al. 1998), we do not observe any such two different clouds that would enhance the density at their intersection point. Velocity structure similar to PG108.3 has been observed in other SFRs as well (e.g., Peretto et al. 2014; Hacar et al. 2017; Kirsanova et al. 2017 ) and was interpreted as an evidence for the longitudinal collapse of filaments. For example, Peretto et al. (2014) , suggested a global dynamical evolution of a supercritical filament initially at rest, with uniform density can be described in two stages. In the first stage, the gas at the filament-end is accelerated more efficiently, and the filament develops a linear velocity gradient increasing from centre to end. In the second stage, as the matter is accumulated at the centre, the velocity gradient starts to reverse owing to the acceleration close to the central mass becoming larger than at the filament end. Given the fact that we are witnessing a near-infrared/optical cluster at around end of the L-shaped filament and filament shows relatively high-velocity gradient near the cluster, the filament probably representing the second stage of filamentary evolution in the scheme of Peretto et al. (2014) .
Correlation of molecular gas with the YSOs
The spatial distribution of YSOs in a star-forming complex provides an excellent tracer of recent star formation (e.g., Deharveng et al. 2012; Pandey et al. 2013; Jose et al. 2013) . Figure 13 shows the distribution of YSOs on the integrated intensity map of CO gas, where part of the filament F1 in the NIR and WISE 12 µm band. As can be seen, the filament contains several 12 µm sources (red sources) along its length, indicating the YSOs in the filament based on HK are most likely genuine YSOs. To further confirm the nature of the red sources, we did YSOs analysis using WISE observation following the prescription given by Kang et al. (2017) . However, WISE observations are of low-sensitivity compared to the Spitzer observations, we identified only six YSOs in our studied area, three of which lie in the vertical part of the F1 filament. We find these three sources, are already been classified as YSOs based on H − K/K CMD. This affirms that the most, if not all, the YSOs identified in the filament should be genuine YSOs. Such a non clustered distribution of YSOs or cores along the long axis of filaments have been observed in many filamentary systems (e.g., Hartmann 2002; Hacar & Tafalla 2011; Samal et al. 2015; Gong et al. 2016) . We note that the non-detection of the HK YSOs in the other parts of the cloud could be a selection effect as we selected sources with high H − K colour to minimize the effect of cloud extinction in the YSO selection. As 0.1 mag is the mean intrinsic H − K color of PMS stars of age around 1 Myr, thus a source with the H − K color 1.2 mag would require a foreground cloud of visual extinction (A V ) 17.5 mag (A V =15.9×E(H−K), Rieke & Lebofsky 1985) to be a reddened field star, implying any NIR YSO with a small excess embedded in a cloud of foreground A V less than 17.5 mag would not have been identified in our scheme.
STAR FORMATION PROCESSES IN PG108.3
Feedback from massive stars plays a critical role in the star formation process and evolution of molecular clouds. In particular, expanding H ii regions may have a positive effect on star formation, i.e. they can trigger a new generation of star formation in molecular clouds either by sweeping ambient clouds into dense shells or by compressing nearby dense clouds into bound clumps/cores (for details, see Deharveng et al. 2010) . In both cases, dense material eventually fragments to form new stars. Since the PG108.3 cloud consists of three evolved H ii regions, thus one can speculate that the formation of young sources in the region might have been triggered by the expanding bubble. However, our observations largely do not favor such a process because in such a scenario one would expect the distribution of young YSOs or star-forming cores at the outskirts of the H ii regions (for example, see Zavagno et al. 2006; Jose et al. 2013; Panwar et al. 2014; Liu et al. 2016; Samal et al. 2018) . In contrast, we find no young Class I sources around S147 and most of Class I sources around S148 are co-spatial with the Class II sources located near the centre of the ionized gas. Since young clusters often harbor Class III to Class I sources as a part of cluster formation process (e.g., Jose et al. 2017; Panwar et al. 2017 Panwar et al. , 2018 , thus the Class I YSOs of the S148 are most likely part of the central cluster responsible for the ionization of S148. Given the fact that the H ii region S149 located near the boundary of S148 and smaller in size, one can argue that S149 might have been influenced by S148. Unfortunately, from the current data, we have no way to estimate precisely either the age of the H ii regions or the embedded YSOs in S148. Nonetheless, we searched for signatures of the early phases of high-mass star formation such as masers and outflows in the vicinity of S148 and our search resulted in no such observations. The small size of the S149 H ii regions could be due to the fact it is ionized by less massive star compared to S148, as a result, S149 is expanding at a slow rate compared to S148 assuming both of them formed in a similar environment. Considering the fact that S149 is optically visible, its dynamical age is close to the age of S148 and the ionized gas pressure of both regions are within a factor of two, we regard the probability that the formation of S149 is solely due to expansion of S148 rather low, although we can not ignore the possibility that the expanding ionization front of S148 might have accelerated star formation in S149 after the initial clump formation and fragmentation. A way to prove such a hypothesis is to compare the molecular gas pressure of S149 with external gas pressure generated by the S148 (e.g., Thompson et al. 2004; Kim et al. 2017; Liu et al. 2017) in the early stage of star formation, however, in S149, neither we find significant cold gas nor Azimlu & Fich (2011) any molecular clumps to obtain some clue in this direction.
In the PG108.3 cloud complex, we have identified two sites of cluster formation using deep K-band surface density map. One of them is associated with the H ii region S148 (i.e. cluster B) and is rich in infrared point sources with a total stellar mass around 240 M ⊙ (see 4.2.4 for details), while the other cluster (i.e. cluster A) appears to be a loose stellar aggregate. We note, among the 13 dense compact clumps identified by Azimlu & Fich (2011) in the vicinity of PG108.3, the most massive (∼ 486 M ⊙ ) 8 clump C1 identified by them corresponds to cluster A, while the cluster B is associated to a less massive (∼ 333 M ⊙ ) 8 clump C5. Given the fact that extinction around cluster B as estimated from the spectroscopy of the ionizing sources is ∼ 4 mag, implying the cluster is in the advanced stage of evolution, therefore some of the gaseous mass has already been converted into stars and some of it has been ionized by the H ii region. Moreover, the excitation temperature of 12 CO(2−1) for C1 (∼ 32 K) is colder compared to C5 (∼ 40 K) clump (Azimlu & Fich 2011) , implying the star formation in clump C1 is in earlier phase compared to C5. Although, we searched for massive sources around cluster B using optical observations, but failed to identify them, likely due to high extinction. Nonetheless, in the WISE 12 µm band, we find that the cluster shows diffuse emission at 12 µm. The 12 µm WISE band contains 11.7 µm emission commonly attributed to PAH molecule, therefore, a good tracer of newly formed, embedded B-type star formation (e.g., Peeters et al. 2004) as these stars have the ability to heat the surrounding dust to enough temperature that can excite PAH molecules. We suggest the clump C1 is also a site of massive star formation like C5 albeit a less massive one.
Recent Herschel observations have shown that filaments and filamentary structures play a vital role in the star formation process (André et al. 2010) , including the formation of massive stars Motte et al. 2017) . In particular, Herschel results have emphasized that filaments are the main evolutionary stage that sets the initial condition for the formation of dense cores and stars, where the gas can be funneled along the filaments and feed the star-forming regions located at the bottom of their potential well and can facilitate the formation of star clusters. For example, in the DR21 region, several low-density striations or sub-filaments were observed perpendicular to the main filament of the complex, and they were apparently feeding matter to the main filament resulting cluster formation at the junction (e.g., Schneider et al. 2010; Hennemann et al. 2012) . In the PG108.3 complex, as can be seen in the integrated intensity 13 CO(3−2) map shown in the left panel of Figure 13 , at least four filamentary (F1, F2, F3 & F4) structures are attached to the location of cluster B. This is the location, where we observed a relatively rich cluster around an O9 V massive star, consistent with the picture of hub filamentary system (Myers 2009 ), where several fan-like filaments can intersect, merge and fuel the clump/core located at their geometric centre to form high-mass stars and star clusters. Such hub-potential systems where the massive star and cluster formation is occurring have also been noticed in a few Galactic clouds (e.g., Csengeri et al. 2011; Liu et al. 2012; Galván-Madrid et al. 2013; Peretto et al. 2014) . Although, the spatial and velocity resolution of our data is not enough to investigate the kinematics of all the sub-filaments around the cluster A, nonetheless, from the channel maps discussed in Figure 12 , we observed gas motion along the F1 filament axis running all the way from its southern end to the location of clump C5. We note, while cluster formation can occur at the junction of filamentary flows, sub-filaments themselves can fragment to form stars along their length due to some kind of filament fragmentation process (e.g., Inutsuka & Miyama 1997; Palau et al. 2018) . These dense cores often aligned with large-scale filaments like pearls in a string and can pull matter form the global accretion flows of the system to their local potential well (e.g., Zhang et al. 2015) . The key to understanding the fragmentation process and to distinguish between different models, such as a pure thermal fragmentation or turbulent fragmentation, require high-resolution dust as well as molecular observations (e.g. see Palau et al. 2018 , and references therein). Nonetheless, the distribution of YSOs along the F1 filament as shown in the middle panel of Figure 13 , indicates that the filament has undergone fragmentation. The most massive clump is located at one end of the L-shaped filament. We find velocity gradient along the filament, likely result from an overall inflow of mass to the center of the potential, which in this case is the location of the cluster and clump associated to S148. However as discussed earlier, PG108.3 as a whole has a more complex geometry and density structure than the ones of a single filament. The cluster is attached to a few small-filaments along with the inverted L-shaped filament more like a hubfilament system. In such a configuration, the potential well is dominated by the central mass of the hub. However, it is difficult to conclude, whether the small-scale filaments (F2, F3, F4) were present before the formation of the cluster or they have formed after the formation of the massive clump by the focusing effect of grav-ity of the clump that might have pulled and channeled gaseous matter around its vicinity to its center. Highresolution observations would shed more light on this issue. Nonetheless, it appears that the large-scale longitudinal collapse of the L-shaped filament is most likely the dominant contributor to the cluster formation.
SUMMARY AND CONCLUSIONS
In this paper, we carried out an extensive study using multi-wavelength datasets to explore the physical conditions of the molecular cloud and star formation activity around PG108.3 cloud complex. Our analyses focused on the massive ionizing sources and ionized gas, associated young clusters, molecular gas, filamentary structure, and embedded young stellar population. We summarize the important findings of the present analyses as follows:
• From our optical spectroscopic analysis, we identified that H ii regions associated with the PG108.3 cloud harbor at least two massive ionizing sources. The S148 H ii region is powered by the star S01 (O9 V), whereas S149 is from the star S02 (B1 V).
• Two compact radio continuum sources (i.e., S01 and S02) are traced with the NVSS 1.4 GHz data, and thus our analyses reveal the H ii regions are excited by corresponding massive sources. The dynamical age of S148 was estimated to be 0.5−0.75 Myr.
• The stellar surface density map reveals that at least two prominent subclusters ('A' and 'B') in the vicinity of the PG108.3 cloud complex. The Kband luminosity function of S148 resembles that of Trapezium cluster. The total mass of S148 cluster is estimated to be ∼ 240 M⊙. The cluster follows the size-mass linear relation like other nearby clusters given in Lada & Lada (2003) .
• Using the Spitzer-IRAC and deep NIR observations, we identified 111 candidate YSOs, which include 16 Class I, 39 Class II. Our YSO estimation is sensitive to ∼ 0.2 M⊙.
• The molecular cloud is depicted using JCMT 13 CO(3−2) observations in the velocity range −57 to −51 km s −1 . A careful inspection of the molecular line data shows that the peak velocity of molecular gas around cluster A and cluster B (around S148) are at −55.2 km s −1 and -52.7 km s −1 . The molecular data reveals the filament F1, where we found a gas motion from its southern end to S148 H ii regions via junction head at subcluster 'A'. By comparing the distribution of ionized, molecular, and young stellar content, our findings do not point any triggering star formation at the H ii region boundaries, we rather suggest that the cluster formation is most likely due to the longitudinal collapse of the filament to the center of the potential well.
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